Summary Change of intracellular free Ca in smooth muscle was monitored using Quin 2, Ca sensitive fluorescence dye. Upon electrical stimulus, increase of light emission from the sample occurred in two phases. Procaine and caffeine inhibited and facilitated, respectively, the 2nd phase of intensity change, which coincided with the mechanical response. It is concluded that the released Ca from intracellular store sites may play a key role for the mechanical activation of smooth muscles.
Measurement of ionized intracellular calcium in living cells, using calcium indicators such as aequorin or arsenazo III, has become popular (reveiw : BLINKS et a!., 1982). However, there are some difficulties in introducing these agents into the cell, especially when the size of cell is small. Quin 2, a calcium sensitive dye, first reported by TSIEN (1980) , seems to be convenient because it could be loaded non-invasively in the small cells or cluster of cells (TSIEN, 1981) . The acetylated form of the compound (Quin 2AM) penetrates into the cell easily, and thereafter it is deacetylated and transformed into the active form in the cytosol. Using Quin 2, we attempted to follow the transient change of the intracellular Ca concentration in smooth muscles, coupled with its mechanical activity. The present results revealed that the compound can detect the transient change of intracellular Ca in smooth muscle cells, elicited by electrical stimuli.
Longitudinal muscle layer was isolated from guinea pig jejunum, and incubated in an oxygenated Krebs solution ([mM] NaCI 120.7, KCl 5.9, MgCl2 1.2, CaC12 1.8, NaH2PO4 1.2, NaHCO3 15.5, glucose 11.5, pH 7.3-7.4) containing 100 µM of Quin 2AM at 36°C, for 3 h. During this period, Quin 2AM penetrated into the cell and was transformed to Quin 2. The concentrations of Quin 2 loaded, were in the range of 60-80 µM, as monitored by an emission spectrum (excited at 339 nm). The presence of 1 % dimethyl sulfoxide (DMSO, solvent for Quin 2AM) did not have any effect on contractile behaviour of the muscle.
A small sheet of longitudinal muscle (7 x 7 mm, thickness about 80 ,um) was fixed with small pins on a small rubber-block placed in the measuring cell, kept at 36°C. The fluorescence signal at 490 nm from the sample detected by a photoJapanese Journal of Physiology multiplier was led to the transient memory and then displayed on an X Y recorder. Calibration of the fluorescence light intensity to Ca concentration was performed in the presence of ionomysin, as a Ca ionophore (RITTENHOUSE and HORNS, 1984, A23187 could not be used because of its light emission around 490 nm) as described by SHEU et al. (1984) . The intracellular free Ca concentration at rest was in the Vol. 35, No. 6, 1985 Other notations are the same as those in Fig. 1. range of 8 x 108 to 10_7 M. The activation of the muscle was achieved by the field stimulation of electrical current pulses (50 mA, 10 ms). The contractile behaviour of the muscle was monitored isometrically by a separate set of experiments. The samples that had been loaded with Quin 2 developed a much smaller tension, ranging from 1/4 to 1/10 of the controls. This indicates that Quin 2 in the cell interferes with the activation of contractile elements, by depriving it of Ca.
Upon electrical stimulation, a fluorescence signal from the sample increased ( Fig. la) , indicating that intracellular free Ca level was elevated above 10-7 M. After about 300 ms, further increase followed (designated as the 1st and 2nd phases of fluorescence change, respectively). The onset of tension was observed at 350 to 400 ms after the stimulus (Fig. 1 b) although the measurement of light intensity and tension were not simultaneous. Tetanus stimulation (10 ms, 10 Hz) facilitated the 1st phase of light intensity change and caused the early onset of tension (Fig. lc, d white arrow), but the maximum value of fluorescence light did not depend on the period of stimulation, indicating that contribution of electrical stimulus to the fluorescence intensity increase at the 2nd phase was small. In the Krebs solution containing no Ca, the change in light intensity, either in the 1st or 2nd phase, did not occur. Verapamil (10_ 5 M) strongly inhibited the light intensity change elicited by electrical stimulus in the presence of Ca (1.8 mM).
We examined the effects of procaine and caffeine, which inhibits and facilitates, respectively, the Ca release from intracellular store sites. The presence of procaine at 0.1 mM reduced the 2nd phase of light intensity change (Fig. 2b) , and procaine inhibited it completely at 0.5 mM, 5 min after the administration, while the 1st phase was affected little. On the other hand, 1 mM caffeine greatly facilitated the change in the 2nd phase, as shown in Fig. 2d .
The results indicate that the increase of intracellular free Ca upon electrical stimulation occurs in two phases :the 1st phase probably reflects the Ca influx upon excitation of the cell membrane, and the 2nd phase corresponds to Ca release from intracellular store sites, since it was inhibited by procaine and facilitated by caffeine. The maximum free Ca level at the activated state exceeded several 1uM ( Fig.  lc, d; Fig. 2d ), although the artifact due to the movement of specimen could not be completely excluded. It seems to be that Ca induced Ca release mechanism may play a key role in the contraction elicited by a single stimulus.
The experiment also shows that Quin 2AM is a useful tool for the measurement of intracellular Ca movement in smooth muscles, not only in isolated cells (SHED et al., 1984; WILLIAMS et al., 1984) , but also in the organized form of cells, although it takes a much longer time to load and transform to the active Quin 2 (3 h at 36°C). Also, Quin 2 has a disadvantage as a monitor, because of its strong chelating action to Ca (KD; 100 nM), indicating the distribution of intracellular Ca may be perturbed. Moreover, fluorescence intensity decays exponentially when exposed to the light at 339 nm, and hence, the time period for the experiment is limited. Nevertheless, the Quin 2 method would provide useful informa- We thank Prof. R. Tanaka, for his critical reading of the manuscript.
